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@ A surface-coated article and a method for the preparation thereof. 

@ A metal-made shaped articie. of which aesthetic value is of 
importance, such as watch cases, is provided with a coating 
layer of a ceramic composition containing a limited amount of 
magnesium oxide as an essential ingredient, the balance being 
silicon dwxide. aluminum oxide, titanium dioxide and the like, 
and having a limited thickness. The ceramic-based coating layer 
can be deposited on the substrate surface by a dry process 
such as Ion plating. The substrate articie can be provided with 
exceiJent protection against abrasion and con-oslon by the 
ceramic-based coating layer without affecting the beautiful 
appearance of the substrate surface only when the ceramic 
composition contains the specified amount of magnesium 
oxide and the ceramlc-based coating layer has a specified 
thickness. 
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Description 

" A SURFACE-COATED ARTICLE AND A METHOD FOR THE PREPARATION THEREOF " 



BACKGROUND OF THE INVENTION 5 

The present invention relates to a surface-coated 
article and a method for the preparation thereof. 
More particularly, the invention relates to a shaped 
article provided with a hard and transparent ceramic- 10 
based coating film having high abrasion resistance 
and decorativeness without rnasl<ing the beautiful 
appearance of the substrate surface as well as a 
method for the preparation of such a surface-coated 
article. ^5 

It is widely practiced that various kinds of 
metal-made articles such as personal ornamentals 
including watch cases and straps, necklaces, rings, 
spectacle frames, brooches, bracelets, earrings, 
medals and badges orders and the like, tablewares, 20 
music instruments and so on are provided on the 
surface of a substrate body shaped of a metal or 
alloy such as stainless steels, nickel-based alloys, 
copper and copper-based alloys and the like with a 
metallic plating layer of gold, silver, platinum, 25 
rhodium, palladium, chromium and the like with an 
object to impart an impressive appearance of 
high-class goods. 

A serious problem on these metal-made surface- 
plated articles is that the plating layer is sometimes 30 
subject to mechanical damages, faliing and wearing 
during transportation and use when the article Is 
contacted with a hard body or receives a mechanical 
shock to greatly decrease the commercial value and 
usefulness of the article. 35 

Accordingly, it is also a practice widely undertaken 
In the prior art that the surface of personal 
ornamentals, music instruments and the like is 
provided on the surface of the plating layer with a 
protective coating film fornied by applying a clear 40 
and colorless lacquer in order to avoid the troubles 
mentioned above as far as possible. Such an organic 
coating film is not quite satisfactory in respect of the 
protecting effect due to the relatively poor abrasion 
resistance, corrosion resistance and weatherability. 45 

It is also proposed that metal-plated surfaces are 
provided with a transparent inorganic coating layer 
of a ceramic material such as alumina, silica, 
zirconia. titanium dioxide and the like (see, for 
example. Japanese Patent Kokai No. 66-123366, 50 
No. 56-163266 and No. 61-165731. When such an 
Inorganic transparent ceramic coating layer is 
fonned on the surface of a metal or glass body by a 
conventional method such as vacuum vapor deposi- 
tion. Ion plating, chemical vapor deposition, sputter- 55 
ing and the like, some undesirable phenomena are 
sometimes unavoidable such as appearance of an 
interference color, discoloration and cloudiness In 
the coating layer to badly mask and affect the 
beautiful appearance of the substrate surface. 60 
Therefore, the applicability of these prior art meth- 
ods is limited. In particular, the problem due to the 
above mentioned undesirable phenomena is serious 



on the surface of articles having a three-dlmenslon- 
ally complicated configuration, such as watch cases 
and other personal ornamentals so that the above 
mentioned piror art metiiods are hardly applicable to 
these articles. 

Apart from the above mentioned methods for 
forming transparent ceramic-based coating layers, 
ceramic bodies having transparency are known and 
obtained by a sintering process of a powdery 
mixture of aluminum oxide with 0.05 to O.50/0 by 
weight of magnesium oxide (see, for example. U.S. 
Patent No. 3.026,210). According to the process 
disclosed therein, aluminum sulfate and a magne- 
sium salt are blended together In such a proportion 
that the weight ratio of AlaOarMgO is 99.95:0.05 to 
99.5:0.5 after calcination and sintering and the 
powdery mixture is calcined first at a temperature up 
to 11 00 ''C and then at a temperature of 1200 to 1300 
**C to prepare a calcined aluminum oxide powder 
containing magnesium oxide. The calcined alu- 
minum oxide powder is then shaped and subjected 
to sintering by a heat treatment first at 800 to 1200 
"Gin air and then at about 1800 •Qfor 6 to 10 hours 
in an atmosphere of hydrogen gas or in vacuum. The 
principle by which transparency is imparted to the 
thus sintered body Is that formation of pores in the 
grains and abnormal grain growth are prevented by 
utilizing the phenomenon of grain-boundary precipi- 
tation of spinel MgAl204. 

This method for the preparation of a transparent 
alumina-based ceramic Is of course not applicable to 
tiie formation of a ceramic-based thin protective 
coating layer on a metal-made €^nd plated substrate 
article because the process disclosed so far gives 
only a shaped body of the ceramic material per se 
having bulklness or a substantial thickness not to 
meet the definition of a' thin coating film and. 
moreover, the temperature at which sintering of the 
ceramic body is perfonned is so high that not only 
the metal-made substrate body but also the layer of 
metal plating on the substrate surface have abso- 
lutely no possibility to vvithstand the temperature. 



SUMMARY OF THE INVENTION 

The present Invention accordingly has an object to 
provide a surface-coated shaped article having a 
ceramic-based hard and transparent coating layer 
on the surface by which protection is imparted 
against mechanical damages, abrasion and corro- 
sion to the substrate surface which may be liable to 
be mechanically damaged as in a metal-plated 
surface or subject to discoloration such as the 
surface of silver, copper and the like without 
affecting the color or beautiful appearance of the 
substrate surface. 

Thus, the surface-coated shaped article of the 
present Invention comprises: 

(a) asubstrate body; and 

(b) a coating layer having a thickness In the 
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range from 0.5 to 8 jim formed on the surface of 
the substrate body and made of a ceramic 
composition comprising from 5 ppm to 40o/o by 
weight of magnesium oxide, the balance being 
one or more of other specified oxides. 
The method of the present Invention for the 
preparation of the above defined surface-coated 
shaped article comprises: forming acoating layer on 
the surface of a substrate body by a dry-process 
plating method with a ceramic composition compris- 
ing from 5 ppm to 40o/o by weight of magnesium 
oxide to such an extent that the coating layer has a 
thickness In the range from 0.5 to 8 [im. 

It Is optional that the above mentioned dry-pro- 
cess plating of a magnesium oxide-containing 
ceramic composition is preceded by a process of 
undercoating with a known undercoating material 
such as metals, metal oxides, synthetic resins and 
the like. It is further optional that the above 
mentioned dry-process plating of a magnesium 
oxide-contalning ceramic composition Is succeeded 
by a process of top-coating with a known top-coat- 
ing material such as synthetic resins and the like. 



BRIEF DESCRIPTION OF THE DRAWING 

The figure Is a graphic showing of the apparent 
light-absorption coefficient of a magnesium oxide- 
containing alumina-based coating layer as a function 
of the thickness. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As Is described above, the characteristic feature 
of the present Invention is in the unique chemical 
composition of the ceramic-based hard and trans- 
parent coating layer comprising magnesium oxide as 
an essential Ingredient, which layer having a speci- 
fied thickness and being formed by a dry-process 
plating method. The invention has been completed 
on the base of a discovery obtained in the extensive 
investigations undertaken with the above mentioned 
object which can be achieved when the substrate 
surface Is provided with a coating layer of a specrfied 
thickness formed of a magnesium oxide-contalning 
ceramic composition by means of a dry-process 
plating method. 

Different from the above mentioned magnesium 
oxide-containing alumina-based transparent sin- 
tered ceramic body disclosed in U.S. patent 
No. 3,026,210. the transparent ceramic-based coat- 
ing layer in the invention has an amorphous 
structure in which no grain-boundary precipitation of 
the magnesium oxide constituent takes place with 
uniform distribution thereof throughout the layer as a 
result of the method for forming the coating layer. 

The magnesium oxide-contalning ceramic compo- 
sition, from which the ceramic-based coating layer is 
formed on the substrate surface by a dry-process 
plating- method, contains magnesium oxide In such 
an amount that the coating layer formed therefrom 
contains from 5 ppm to 400/o by weight or, 



preferably, from 10 ppm to 300/o by weight or, more 
preferably, from 0.10/0 to 150/0 by weight of magne- 
sium constituent calculated as magnesium oxide 
MgO. When the content of magnesium oxide therein 
5 is too low, high transparency of the coating layer can 
hardly be obtained. When the content of magnesium 
oxide is too high, on the other hand, the coating 
layer has somewhat degraded properties in respect 
of impact strength, corrosion resistance and the like. 

10 As the balance of magnesium oxide which Is the 
essential ingredient in the above mentioned weight 
proportion, the ceramic coating layer formed on the 
substrate surface should comprise one or more of 
other inorganic oxide materials exemplified by 

15 aluminum oxide, silicon dioxide, germanium oxide, 
zirconium oxide, hafnium oxide, titanium dioxide, 
zinc oxide, indium oxide, tin oxide, beryllium oxide, 
yttrium oxide, vanadium oxide, tungsten oxide, 
bismuth oxide, selenium oxide, lanthanum oxide, 

20 neodymlum oxide, tellurium oxide and rhenium oxide 
as well as composite oxides such as PZT. i.e. 
. zirconium titanium plumbate Pb(Zr»Ti)03 and the 
like, of which aluminum oxide, silicon dioxide, 
titanium dioxide, zirconium oxide, zinc oxide, Indium 

25 oxide, tin oxide, beryllium oxide, ytrlum oxide and 
zirconium titanium plumbate are preferred. The 
vaporization source used In the process of Ion 
plating Is a powdery mixture of one or more of these 
oxide materials with magnesium oxide although ft is 

30 optional to use a composite oxide such as spinel 
MgAi204, in place of a powdery mixture of magne- 
sium and aluminum oxides. Further, the vaporization 
source can be a powdery mixture of magnesium 
oxide and a elementary metal such as metallic 

35 titanium and the Ion plating Is performed In an 
atmosphere containing oxygen in a limited partial 
pressure so that the metallic ions are deposited In 
the form of ari oxide after oxidation In the atmos- 
phere. 

40 The ceramic-based hard and transparent coating 
layer formed on the substrate surface should 
preferably have a thickness In the range from 0.5 to 8 
|im. This limitation In the thickness of the coating 
layer has been established as a result of extensive 

45 experimentation. Namely, a coating layer having a 
too small thickness has limited abrasion resistance 
and is subject to the appearance of an interference 
color. When the thickness of the coating layer is too 
large, on the other hand, the ceramic layer is 

50 somewhat cloudy to have decreased transparency. 
This upper limit of the thickness of the coating layer 
has been established experimentally. Thus, several 
glass plates as a substrate were provided with a 
ceramic-based coating layer having a varied thlck- 

55 ness and composed of 90o^ by weight of aluminum 
oxide and IO0/0 by weight of magnesium oxide and 
the intensity ratios of the transmitted light to the 
Incident light It/lo were determined. Assuming that 
It/lo is given by the equation 

60 It/Io = e or a = -(1/t) log e Mo, 

in which t Is the thickness of the coating layer in jim 
and a Is the apparent absorption coefficient in \im-'^, 
the value of a was calculated as a function of t by 
substituting the determined value of Mo In the 

65 equation. The figure In the accompanying drawing Is 
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a graphic showing of the thus obtained values of a 
as a function of t. As is evident from the figure, the 
value of a Is no longer constant but decreases as the 
thickness t Is Increased with a quasi-plateau region 
up to a thickness of about 8 p.m and rapid decrease 
thereafter corresponding to the loss of trans- 
parency, presumably, due to Increase in the scatter- 
ing of light. 

The material of which the substrate body or the 
surface layer thereof is formed is not particularly 
limitative provided that the material can withstand 
the conditions of the dry-process plating. Examples 
of the materials to which the Inventive method is 
applicable Include precious metals such as gold, 
silver, platinum, rhodium, palladium and the like and 
non-precious metals such as copper, iron, nickel 
and the like as well as alloys thereof. Any shaped 
articles having a surface plated with these metallic 
materials can of course be used. Glassy materials 
and plastics are also suitable with or without a 
metallic plating layer thereon provided that the 
softening point thereof is high enough to withstand 
the dry-process plating. 

Various known methods for dry-process plating 
are applicable to the invention for forming the 
ceramic-based coating layer including vacuum vapor 
deposition, Ion plating, sputtering, chemical vapor 
deposition and the like, of which sputtering and ion 
plating methods are preferred or ion plating method 
is more preferred In respect of the relatively low 
temperature at which the process is performed, 
relatively large rate of deposition of the ceramic 
composition and high bonding strength between the 
substrate surface and the ceramic-based coating 
layer deposited thereon. The method of vacuum 
vapor deposition Is disadvantageous in respect of 
the low bonding strength between the substrate 
surface and the coating layer. The rate of deposition 
can not always be satisfactorily high in the method of 
sputtering. The method of chemical vapor deposition 
is not applicable to a substrate made of a relatively 
low melting point such as brass and the like since 
the substrate must be kept at a considerably high 
temperature in order to obtain a high rate of 
deposition. 

In practicing the method of ion plating, the 
ceramic composition as the vaporization source is 
heated under bombardment with electron beams 
and vaporized to form an Ionized gaseous species in 
the atmosphere in which the Ions are accelerated 
and deposited on to the substrate surface under a 
potential difference. The process of ion plating is 
classified into several types including the low-press- 
ure DC ion plating performed in an atmosphere of 
argon of a relatively low pressure of 1 to 2.6 x 10~2 
torr, high-vacuum ion plating performed in an 
atmosphere of a pressure not exceeding 1 x 10"3 
torr and activated reactive vapor-deposition per- 
formed in an atmosphere of an active gas. The 
method of high-vacuum ion plating is further classi- 
fied relative to the manners of heating, ionization, ion 
acceleration and the like Into the Banshah type, 
hollow cathode type, radio-frequency (RF) type, 
clustered ion-beam type and so on. 

The above mentioned RF type ion plating method 



Is referred in practicing the Inventive method for 
forming the ceramic-based coating layer in respect 
of the sustainabllity of stable electric discharge 
without particularly controlling the operation pf the 
5 electron gun, possibility of stable vaporization of a 
substance having a low vapor pressure under 
practicable conditions in a high vacuum and possi- 
bility of giving a dense coating layer free from pin 
holes. 

10 It is optional according to need to provide the 
substrate surface beforehand with an undercoating 
layer having a thickness of. for example. 5 to 200 nm 
with an object to improve the reproducibility In the 
bonding strength between the ceramic-based trans- 

15 parent coating layer and the substrate surface and 
to Improve the abrasion resistance and corrosion 
resistance. Examples of suitable undercoating ma- 
terials include metals such as aluminum, titanium, 
chromium, nickel and the like and metal oxides such 

20 as titanium dioxide, silicon dioxide, indium oxide, 
zinc oxide and the like as well as hard synthetic 
resins curable by ultraviolet Irradiation or by heating. 
When the substrate is made of silver, in particular, an 
undercoating treatment prior to the ion plating Is 

25 desirable because, different from the surface of gold 
and glassy materials, no sufficiently high and 
reproducible bonding strength can be obtained 
between the ceramic-based coating layer fomned by 
ion plating and the substrate surface due to the 

30 chemical activity of the silver surface which is also 
subject to blackening or appearance of cloudiness 
as a result of abnormal grain growth. 

The method of the present invention is applicable 
to various substrates including watch cases and 

35 straps, necklaces, rings, spectacle frames, medals 
and badges, orders, metal-made tablewares, metal- 
made music instruments and the like without 
particular limitations relative to the configuration. 
When the substrate is an article having a chance of 

40 contacting with perspiration, such as watch cases 
and straps, rings, spectacle frames and the like, It is 
advantageous that the ceramic-based transparent 
coating layer Is provided with a top-coating layer of a 
water-resistant material such as a poIy(tetrafluo- 

45 roethylene). resin, polycarbonate resin, polyethylene, 
acrylic resin, nylon, polyacetal resin and the like. The 
top-coating layer can be fonned by any known 
method such as vapor deposition, application of a 
liquid coating cornposition and the like, if necessary, 

50 the top-coating layer is subjected to a post-treat- 
ment of curing, for example, by ultraviolet Irradiation. 

As is described above, the present Invention Is 
advantageous in several respects. Thus, the ce- 
ramic-based hard and transparent coating layer 

55 formed according to the Inventive method is firmly 
bonded to the substrate surface without appearance 
of the interference color or coloration of the coating 
layer per se so that any substrate articles can be 
Imparted with high abrasion resistance without 

60 affecting the beautiful appearance of the substrate 
surface. Therefore, certain metallic materials, such 
as sliver, copper, brass and the like, which hitherto 
are not used as a material of personal ornamentals 
and tablewares due to the low hardness and 

65 chemical properties liable to mechanical damages 
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and discoloration, can be used in these applications 
when the articles are provided with the hard and 
transparent ceramic-based coating layer according 
to the Invention. Accordingly, the present invention 
Is applicable to various metal-made articles such as 
personal ornamentals, e.g., watch cases and straps, 
necklaces, rings, spectacle frames, medals and 
badges, orders and the like, tablewares, music 
instruments and so on. 

in the following, the present Invention is described 
in more detail by way of examples. The hard and 
transparent ceramic-based coating layers formed in 
the following examples were evaluated by conduct- 
ing testing for the following items. 

(1) Abrasion-resistance test 

The ceramic-coated article was rubbed against an 
abrasive # 1000 corundum powder under a load of 5 
kg/cm2 by 100 times repetition of a reciprocating 
movement over a 15 cm span at a velocity of about 
10 cm/second and examined visually with the aid of a 
magnifying glass for the appearance of bare surface 
of the substrate. The results were recorded as 
"good" for the surface without bare portions and "no 
good" for the surface with appearance of bare 
portions. 

(2) Accelerated weatherabllity test 

An apparatus for accelerated weathering (Sun- 
shine Weather Meter) was run for 500 hours under 
ultraviolet irradiation to detect any changes on the 
coated surface. 

(3) Themiai shock test 

The coated article was subjected to twice-re- 
peated cycles of heating at 200 C and then putting 
into water at 0 ** C to detect any changes on the 
coated surface. 

(4) CASS test 

An aqueous test solution containing 40/o by weight 
of sodium chloride and 0.020/o by weight of copper 
(II) chloride was sprayed in fine droplets against the 
coated article for 4B hours and then the number of 
the corrosion spots on the surface was counted. 

(5) Bending test 

The coated article held by a vuice was forcibly 
bent by about 90° and Inspected for falling of the 
coating layer to give a measure for the bonding 
strength of the coating layer to the substrate 
surface. 

(6) Resistance against artificial perspiration 

The coated article was kept in contact with a 
standard artificial perspiration for 100 hours at room 
temperature and then visually examined for the 
changes in the appearance. 

(7) Resistance against sulfurization 

The coated article was exposed to a hydrogen 
sulfide-containing atmosphere according to the 
procedure specified in JIS H 8502 and then visually 
examined for the changes In the appearance. 



(8) Impact strength test 

Measurement was perfonned according to the 
procedure specified in JIS B 7001. 

5 Example 1. 

Sih^er-plated and gold-plated watch cases were 
provided with a hard and transparent ceramic-based 
coating layer having a thickness of about 2 ^im by the 
RF Ion plating method using a powdery mixture 
10 composed of 400/o by weight of magnesium oxide 
and 600/0 by weight of aluminum oxide as the 
vaporization source. 

The procedure of ion plating was performed in an 
atmosphere of argon gas under a pressure of 5 x 
15 ^Q^^ torr for 40 minutes by keeping the substrate at a 
temperature of 200 and heating the vaporization 
source with an electron gun after 10 minutes of 
argon-ion bombardment treatment of the substrate 
with a RF electric power supply of 500 watts. 

The thus formed ceramic-based coating layer was 
analyzed by using an electron-probe microanalyzer 
to find that the coating layer was composed of about 
100/0 by weight of magnesium oxide and about 90C/o 
by weight of aluminum oxide. 
25 The thus fonmed ceramic-based coating layers 
each had high clarity without appearance of an 
interference color and the results of the evaluation 
tests were: good In the abrasion test; no corrosion 
spots found In the CASS test; no changes found In 
30 the weatherabllity test; no falling of the coating layer 
In the bending test; and no changes found in the 
thermal shock test. 

Example 2. 

35 A silver-plated bracelet was provided with a 
ceramic-based coating layer having a thickness of 
about 2 fim under substantially the same conditions 
as in Example 1 excepting the use of spinel MgAl204 
as the vaporization source in place of the powdery 

40 mixture of magnesium oxide and aluminum oxide. 
The coating layer formed In this manner contained 
about 12tWD by weight of magnesium oxide. The 
results of the evaluation tests of the thus coated 
bracelet were as good as the watch cases In 

45 Example 1. 

Example 3. 

A silver-plated, stainless steel-made spectacle 
frame was provided with a ceramic-based coating 

50 layer having a thickness of about 1 jim under 
substantially the same conditions as in Example 1 
except that the vaporization source was a 50:50 by 
weight mixture of aluminum oxide and steatite 
MgSiOa and the length of time for the Ion plating 

55 treatment was about 20 minutes. The thus formed 
ceramic-based coating layer was composed of an 
amorphous mixture of magnesium oxide MgO, 
silicon dioxide SiOa and aluminum oxide AI2O3, of 
which the content of magnesium oxide was about 

60 100/0 by weight. The beautiful appearance of the 
silver-plated substrate surface was retained after the 
ceramic coating. The evaluation tests of the thus 
coated spectacle frame gave substantially the same 
satisfactory results as the watch cases In Example 1 . 



5 



9 



0293198 



10 



Example 4. 

A silver-plated, stainless steel-made tableware 
was provided with a ceramic-based coating layer 
iiaving a tlilckness of about 5 \m under substantially 
the same conditions as in Example 1 except that the 
vaporization source was a powdery mixture com- 
posed of 100/0 by weight of magnesium oxide and 
900/0 by weight of metallic titanium and the Ion 
plating treatment was performed for about 60 
minutes in an atmosphere with a partial pressures of 
argon and oxygen of 3 x 10"* torr and 2x10"* torr, 
respectively. The thus formed coating layer was 
composed of an amorphous mixture of magnesium 
oxide and titanium dioxide, of which the content of 
magnesium oxide was about 30/o by weight. The 
results of the evaluation tests of the thus obtained 
coated article were as satisfactory as in Example 1. 

Example 5. 

A silver-plated, brass-made watch case was 
placed in an ion-plating chamber and subjected to 
an argon-ion bombardment treatment for about 10 
minutes with application of an electric field of 500 
volts DC in a plasma generated In an atmosphere of 
argon gas under a pressure of 5 x 10"* tonr with 
supply of a RF electric power of 600 watts. 
Thereafter, the watch case was provided with an 
undercoating layer of aluminum having a thicl^ness 
of about 0.1 pjn by evaporating aluminum with an 
electron gun In the same chamber. Further, the 
watch case was provided with a ceramic-based 
coating layer having a thickness of about 2 ^im In 
substantially the same procedure as in Example 1. 
Rnally, a top-coating layer having a thickness of 
about 0.5 jxm was formed thereon by evaporating a 
poly(tetrafluoroethyIene] resin from a resistance- 
heated boat installed in the same chamber. The thus 
obtained multiple-coated watch case retained the 
beautiful appearance of the silver-plated substrate 
surface little affected despite the undercoating of 
aluminum and had much higher corrosion-resist- 
ance, in particular, against the artificial perspiration 
than the same silver-plated watch case without the 
coating treatment. 

Example 6. 

A silver-plated, brass-made watch case was 
placed in an ion-plating chamber and subjected to 
an argon-ion bombardment treatment for about 10 
minutes with application of an electric field of 200 
volts DC in a plasma generated in an atmosphere of 
argon gas under a pressure of 5 x 10"* torr with 
supply of a RF electric power of 1 kilowatt. 
Thereafter, the watch case was provided with an 
undercoating layer having a thickness of about 0.2 
\im by evaporating titanium with an electron gun in 
an atmosphere of oxygen under a pressure of 5 x 
10"* torr. Further, the watch case was provided with 
a ceramic-based coating layer having a thickness of 
about 2 p.m in substantially the same procedure as in 
Example 1. Finally, the watch case was taken out of 
the Ion-plating chamber and coated with an uftravi- 
olet-curabie clear lacquer to form a top-coating iayer 
of a cured acrylic resin having a thickness of about 
0.5 ym. The thus obtained multiple-coated watch 



case retained the beautiful appearance of the 
silver-plated substrate surface little affected despite 
the undercoating of aluminum and had excellent 
corrosion resistance, in particular, against the 
5 artificial perspiration. 

Example 7. 

The same silver-plated watch case as used In 
Example 1 was provided with a ceramic-based 

10 coating layer having a thickness of about 2 pm under 
substantially the same conditions as in Example 1 
followed by a top-coating treatment to form a 
top-coating layer of poly(tetrafluoro-ethylene) resin 
having a thickness of about 0.1 jim by evaporating 

15 the resin from a resistance-heated vaporization 
vessel installed in the same ion-piatlng chamber. The 
thus obtained multiple-coated watch case retained 
the beautiful appearance of the silver-plated sub- 
strate surface and had excellent corrosion resist- 

20 ance, in particular, against the artificial perspiration 
and sulfurizlng atmosphere In about the same 
degree as In the watch case prepared in Example 5. 

Example 8. 

25 A silver-plated, brass-made watch case was first 
subjected to an argon-ion bombardment treatment 
under substantially the same conditions as In 
example 6 excepting that the RF electric power was 
500 watts and then provided with a ceramic-baded 

30 coating layer having a thickness of about 2 \im under 
substantially the same conditions* as in Example 1 
except that the vaporization source was a powdery 
mixture of aluminum oxide and about 0.1 o/o by 
weight of magnesium oxide. The thus formed 

35 ceramic-based coating layer was composed of 
amorphous alumina containing about 5 ppm by 
weight of magnesium oxide according to the results 
of the secondary ion mass-spectrometric analysis. 
The thus obtained watch case retained the beautiful 

40 appearance of the silver-plated substrate surface 
and had excellent properties Including relatively high 
abrasion resistance except that the strength of the 
coating layer in the bending test was somewhat 
inferior as compared to those containing a higher 

45 amount of magnesium oxide. 

Example 9. 

A silver-plated watch case was first provided with 
an undercoating layer having a thickness of about 1 

50 [im by coating with an ultraviolet-curable acrylic 
resin. The undercoated watch case was then 
subjected to an argon-Ion bombardment treatment 
under substantially the same conditions as in 
Example 5 except that the radio-frequency electric 

55 power was increased to 1 kilowatt and further 
provided with a ceramic-based coating layer having 
a thickness of about 1 jim under substantially the 
same conditions as in Example 1 isxcept that the 
temperature of the substrate was controlled not to 

SO exceed 100 ° C. Finally, the watch case was provided 
with a top-coating layer having a thickness of about 1 
Jim by coating with and curing of an ultraviolet-cur- 
able acrylic resin. The thus obtained watch case had 
excellent abrasion resistance and corrosion resist- 

55 ance against the artificial perspiration as well as high 
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impact strength of the coating layer. 



Claims 



1. A surface-coated shaped article which 
comprises: 

(a) a substrate body; and io 

(b) a coating layer having a thickness In 
the range from 0.5 to 8 ^im formed on the 
surface of the substrate body and made of 
a ceramic composition comprising from 5 

ppm to 400/0 by weight of magnesium is 
oxide, the balance being at least one oxide 
selected from the group consisting of 
aluminum oxide, silicon dioxide, germa- 
nium oxide, zirconium dioxide, hafnium 
oxide, titanium dioxide, zinc oxide, indium 20 
oxide, tin oxide, beryllium oxide, yttrium 
oxide, vanadium oxide, tungsten oxide, 
bismuth oxide, selenium oxide, lanthanum 
oxide, neodymium oxide, tellurium oxide, 
rhenium oxide and' zirconium titanium 25 
plumbate. 

2. The surface-coated shaped article as 
claimed In claim 1 wherein the coating layer is 
made of a ceramic composition comprising 
from 5 ppm to 400/o by weight of magnesium 30 
oxfde. the balance being at least one oxide 
selected from the group consisting of aluminum 
oxide, silicon dioxide, titanium dioxide, zirco- 
nium oxide, zinc oxide, indium oxide, tin oxide, 
beryllium oxide, yttium oxide and zirconium 35 
titanium plumbate. 

3. The surface-coated shaped article as 
claimed In claim 1 wherein the coating layer is 
formed by a process of dry plating. 

4. The surface-coated shaped article as 40 
claimed in claim 3 wherein the process of dry 
plating is a process of ion plating. 

5. The surface-coated shaped article as 
claimed in claim 3 wherein the process of dry 
plating Is a process of sputtering. 45 

6. The surface-coated shaped article as 
claimed In claim 1 which further comprises: 

(c) an undercoating layer between the 
substrate surface and the coating layer of 

the ceramic composition . so 

7. The surface-coated shaped article as 
claimed in claim 6 wherein the undercoating 
layer Is made of a material selected from the 
group consisting of metals, synthetic resins, 
titanium dioxide, silicon dioxide, Indium oxide S5 
and zinc oxide. 

8. The sur^ce-coated shaped article as 
claimed In claim 6 wherejn the undercoating 
layer has a thickness in the range from 5 to 200 

nm. 5^ 

9. The surface-coated shaped article as 
claimed in claim 1 which further comprises: 

(d) a top-coating layer on the coating 
layer of the ceramic composition. 

10. The surface-coated shaped article as 65 



claimed In claim 9 wherein the top-coating layer 
is made of a synthetic resin. 
11. The surface-coated shaped article as 
claimed In claim 1 which further comprises: 

(c) an undercoating layer between the 
substrate surface and the coating layer of 
the ceramic composition; and 

(d) a top-coating layer on the coating 
layer of the ceramic composition. 
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